Our recent work on the antioxidant properties (AOP) of herbs showed that three species (Etlingera elatior, Morus alba, and Thunbergia laurifolia) displayed enhancement effects of microwave-, oven-, and freezedrying. AOP analysed were total phenolic content (TPC), ascorbic acid equivalent antioxidant capacity (AEAC), ferric reducing power (FRP), and chelating efficiency concentration (CEC 50 ). Microwave-and oven-drying led to drastic decline in AOP but freeze-drying resulted in significantly increase for leaves of E. elatior. Leaves of M. alba responded positively to all three drying treatments. TPC and FRP following oven-drying remained unchanged but AEAC and CEC 50 increased by 27% and 22%, respectively. Freezedrying resulted in increase in TPC (16%), AEAC (26%), FRP (20%), and CEC 50 (44%). Microwave-drying increased TPC, AEAC, and FRP by 24%, 91%, and 30%, respectively. Microwave-drying enhanced AOP of T. laurifolia leaves. TPC and AEAC increased by 34% and 67%, respectively. Results indicated that different drying treatments have variable effects on AOP of herbs. Effects include little or no change, significant losses or enhancement in phenolic content and antioxidant activity. Decline in AOP following drying treatments has been attributed to thermal degradation of phytochemicals, enzymatic degradation of phenolic compounds and loss of antioxidant enzyme activities. Reasons for the increase in AOP following drying treatments include the release of bound phenolic compounds by the breakdown of cellular constituents and the formation of new compounds with enhanced antioxidant properties.
Introduction
Etlingera elatior (Jack) Smith (Zingiberaceae) or torch ginger grows up to 5À6 m tall forming clumps. 1e3 Rhizomes are stout (3À4 cm in diameter), strongly aromatic and found just below ground level. Leaves are entirely green (80 Â 18 cm) with young leaves sometimes flushed pink. Petioles are 2.5e3.5 cm in length. Borne on stalks protruding from the ground, inflorescences are large and attractive with showy bracts, which are pink to red and sometimes white. Young inflorescences have a spear-like head.
Crushed leaves and inflorescences emit a distinctive pleasant sour fragrance. Native to Malaysia and Indonesia, E. elatior is widely cultivated in Southeast Asia. Farms in Australia and Hawaii are cultivating the species for inflorescences, which are sold as cut flowers. 4 Young inflorescences are a key ingredient of sour curries and other spicy dishes. The hearts of young shoots, inflorescences, and fruits are consumed by indigenous communities as condiment, eaten raw or cooked as vegetable. 5 A decoction of fruits is used to treat earache while a decoction of leaves is applied for cleaning wounds. 6 Leaves are also used by post-partum women and mixed with other aromatic herbs in water for bathing to remove body odour. Morus alba L. (Moraceae) or mulberry is a shrub or tree that grows in the tropics, sub-tropics and temperate. 7 Native to China, the species has spread throughout Europe and USA, and is widely cultivated in Japan, Korea, and India. 8 Plants of M. alba can grow up to 20 m in height. 9 Under cultivation, the tree is pollarded or pruned to a low-growing bush to facilitate the harvesting of fruit or leaves. Leaves of M. alba are simple, alternate, stipulate, light green, and cordate at the base. 10 Having a long petiole and a serrated margin, leaves are very variable in form, even on the same tree. Some leaves are unlobed while others are almost palmate. In temperate and sub-tropical climates, mulberry trees are deciduous, but trees grown in the tropics are evergreen. 9 Mulberry trees are often dioecious (monosexual with separate male and female plants) but may be monoecious (bisexual with male and female flowers on the same plant). Flowers are borne on short, green, and pendulous catkins. Male catkins are generally longer and loosely arranged. Mulberry fruits (1À2 cm long) are rich in anthocyanin and red when ripe but can vary from light purple to white. 11, 12 Mulberry has been cultivated for centuries in China and Japan as feed for silkworms. 13 Its leaves are rich in protein and amino acids with high correlation between leaf protein level and silk production efficiency. The leaves of M. alba, when fed to dairy animals, improves milk production. 14 In traditional Chinese medicine, mulberry tea is consumed as a health-promoting drink. 15 The root bark of M. alba is used to treat diabetes, arthritis, rheumatism, and high blood pressure. 13, 16 In Turkey and Greece, M. alba fruits are processed into canned mulberries, and mulberry juice, jam, and wine. 17 Thunbergia laurifolia Lindl. (Thunbergiaceae) or blue trumpet vine or laurel clock vine is native to India. 18, 19 The species is grown as an ornamental plant and being a fast-growing vine, it has become an exotic weed in some countries. Its leaves are green, opposite, heart-shaped, with a pointed tip and slightly serrated leaf margin. The leaf blade (20 Â 16 cm) has a petiole of up to 6 cm in length. Leaves are thin and bright green when young, and dark green, thicker and slightly variegated when mature. Borne on pendulous inflorescences, flowers are attractive, trumpet-shaped, with 5e7 round pale purplish-blue petals and a yellow throat. The flower is up to 8 cm long and 6À8 cm across. The plant produces round green stems and a tuberous root system. Propagation is from stem or root cuttings. The plant flowers continuously throughout the year with flowers opening early in the morning and aborting in the evening of the same day. Flowers are not scented. Carpenter bees are frequent visitors, creeping into the flowers for the pollen and nectar while black ants are present probably as nectar scavengers. In Thai traditional medicine, leaves of T. laurifolia are used as an antidote for poisons and drugs including the treatment of drug addiction. 20, 21 The plant has also been reported to have anti-inflammatory, anti-diabetic, and antipyretic properties. 22e24 Local herbal companies in Thailand are producing and marketing herbal teas and capsules of T. laurifolia. Our recent work on the antioxidant properties (AOP) of selected herbs showed that three species displayed enhancement effects of drying treatments. AOP analysed were total phenolic content (TPC), ascorbic acid equivalent antioxidant capacity (AEAC), ferric reducing power (FRP), and chelating efficiency concentration (CEC 50 ). Drying treatments were microwave-, oven-, and freezedrying. Freeze-drying enhanced the AOP of leaves of E. elatior. Leaves of M. alba responded positively to all three drying treatment. Microwave-drying enhanced the AOP of T. laurifolia leaves. Their AOP and the enhancement effects of drying treatments are reviewed.
E. elatior

Antioxidant properties
There are several publications on the AOP of leaves of Etlingera with emphasis on E. elatior. Of leaves of five Etlingera species screened, E. elatior had the highest TPC (3550 GAE/100 g), AEAC (3750 mg AA/100 g), and FRP (2000 GAE/100 g). 25 Screening of AOP of leaves of 26 ginger species belonging to nine genera and three tribes showed that Etlingera had the highest values followed by Alpinia and Hedychium. 26 Zingiber, Curcuma, Boesenbergia, Elettariopsis, Kaempferia, and Scaphochlamys had significantly lower values. The outstanding AOP of Etlingera species were attributed to their size and growth habitat. Plants of Etlingera are the largest among the gingers and can grow up to 6 m in height. They grow in gaps of disturbed forest and are continually exposed to direct sunlight. The other genera are small-to medium-sized herbs.
Larger ginger plants growing in exposed forest sites have greater AOP than smaller plants growing in shaded sites. TPC and AEAC of leaves of E. elatior were eight times higher than rhizomes. 26 Leaves had significantly higher TPC, AEAC, and FRP than inflorescences and rhizomes. 25 Ranking was leaves > inflorescences > rhizomes. It has been reported much greater concentrations of flavones and flavonols in leaves which are exposed to sunlight. 27 Only trace amounts were found in unexposed parts below the soil surface, which include roots and rhizomes.
Leaves of highland populations of Etlingera species were found to have higher TPC and AEAC than lowland counterparts. 25 Values of E. elatior in the highland were 3550 mg GAE/100 g and 3750 mg AA/100 g compared to 2390 mg GAE/100 g and 2280 mg AA/100 g in the lowland. Higher altitudes seem to trigger an adaptive response in leaves of Etlingera species. The stronger AOP of highland over lowland plant populations might be due to environmental factors such as higher UV-B radiation and lower air temperature. 
Effects of drying treatments
The effects of different drying methods on the AOP of leaves of E. elatior have been reported. 31 Thermal drying treatments i.e. microwave-and oven-drying of leaves resulted in drastic declines in TPC, AEAC, and FRP (Table 1) . Declines were w41% for TPC, w59% for AEAC, and w44% for FRP. Leaves of other Zingiberaceae species such as Alpinia zerumbet, Curcuma longa, and Kaempferia galanga TPC (mg GAE/100 g), AEAC (mg AA/100 g), and FRP (mg GAE/100 g) are means AE standard deviation (n ¼ 3). Abbreviations: GAE ¼ gallic acid equivalent and AA ¼ ascorbic acid. Drying protocols: fresh leaves (1 g) were microwave-dried for 4 min, oven-dried at 50 C for 5 h, and freeze-dried overnight. Extraction: leaves (1 g) were powdered with liquid nitrogen in a mortar and extracted with 50 ml of methanol. Fig. 1 . Overlay of chromatograms (254 nm) of fresh and freeze-dried leaves of Etlingera elatior. 31 showed similar declines. Many studies have reported losses in AOP of plant samples following thermal treatments. Loss in AOP of heattreated samples has been attributed to thermal degradation of phenolic compounds, to loss of antioxidant enzyme activities and to degradative enzymes. 32, 33 Declines are often accompanied by loss of other bioactive properties. 34 On the contrary, freeze-drying of E. elatior leaves resulted in significant gains in TPC (26%), AEAC (45%), and FRP (36%) ( Table 1) . After one-week storage, AOP of freeze-dried leaves remained significantly higher than those of fresh leaves as control. Phenolic content and antioxidant activity of freeze-dried inflorescences of E. elatior have been reported to be nine and eight times that of fresh samples. 35 There is no thermal degradation in freeze-drying and neither does the process allow degradative enzymes to function. 31 Furthermore, freeze-drying is known to have high extraction efficiency because ice crystals formed within the plant matrix can rupture cell structure. 36 This allows the exit of cellular components and access of solvent, and consequently better extraction. The HPLC chromatogram of leaves of E. elatior, which showed greater amounts of minor compounds following freeze-drying, supported this inference (Fig. 1) . Freeze-drying remains the best method of drying foods as the quality of freeze-dried products is comparable to fresh products. 37 Chlorogenic acid (CGA) in leaves of E. elatior (294 mg CGA/100 g) was significantly higher in content than flowers of Lonicera japonica or Japanese honeysuckle (173 mg CGA/100 g), the commercial source. A protocol to produce a standardised extract of CGA with 40% w/w purity from freeze-dried leaves of E. elatior has been developed. 38 Freeze-drying of E. elatior leaves followed by extraction with 30% ethanol, and sequential fractionation using Diaion HP-20 and Sephadex LH-20 yielded a CGA extract with 40% w/w purity. CGA fractions had antioxidant, antibacterial and antityrosinase properties. The entire fractionation process took only 6.5 h, using gravity flow. From 50 g of leaves, the final yield of CGA extract was 0.2 g (0.4%). CGA content of the standardised extract from leaves (40%) of E. elatior is 1.6 times that of commercial extracts from honeysuckle flowers (25%).
M. alba
Antioxidant properties
Based on TPC of first, second, and third extractions of fresh leaves of M. alba, extraction efficiency values of 50% aqueous methanol were 82%, 13%, and 4%, respectively. 39 Comparing different age groups of leaves, developing leaves of M. alba had the highest TPC and AEAC, followed by mature leaves and young leaves ( Table 2 ). Although mature leaves had slightly higher values than young leaves, their values were comparable. In terms of FRP and CEC 50 , there were no significant differences between leaves of different age groups. AOP of mature mulberry fruits were significantly lower than those of leaves. Overall ranking of AOP was developing leaves > young leaves w mature leaves > mature fruits.
Effects of drying treatments
AOP of microwave-, oven-, and freeze-dried leaves of M. alba are shown in Table 3 . Results are expressed in term of percentage gain (þ) and loss (À) in comparison to values of fresh leaves. All the three drying methods resulted in the enhancement of AOP.
Microwave-drying resulted in a significant increase in the AOP of leaves of M. alba with the exception for CEC 50 (no change). TPC, AEAC, and FRP of microwave-dried leaves were 855 mg GAE/100 g, 970 mg AA/100 g, and 437 mg GAE/100 g; these values were significantly higher than 688 mg GAE/100 g, 508 mg AA/100 g, and 335 mg GAE/100 g of fresh leaves. The TPC, AEAC, and FRP of microwave-dried leaves were 24%, 91%, and 30% higher than those of fresh leaves, respectively.
The higher AOP of microwave-dried M. alba leaves can be explained by the release of bound phenolic compounds, brought about by the breakdown of cellular constituents. 31 Microwave energy could have increased the solubility of polyphenols by preventing them from binding to the leaf matrix. 25, 40 Other contributing factors included short drying time and rapid inactivation of degradative enzymes. Oven-drying of M. alba leaves showed little or no change in AOP with the exception of AEAC and CEC 50 which showed significant increase. The increase from 688 to 711 mg GAE/100 g (3.3%) for TPC and from 335 to 336 mg GAE/100 g (0.3%) for FRP was not significant. However, AEAC and CEC 50 of oven-dried leaves increased significantly by 27% and 22%, respectively.
Freeze-drying resulted in enhanced AOP of M. alba leaves. Freeze-dried leaves showed significantly higher values of TPC, AEAC, FRP, and CEC 50 compared to those of fresh leaves. Values of freeze-dried leaves were 799 mg GAE/100 g, 639 mg AA/100 g, 403 mg GAE/100 g, and 1.5 mg/ml while those of fresh leaves were 688 mg GAE/100 g, 508 mg AA/100 g, 335 mg GAE/100 g, and 2.7 mg/ml. This amounted to gains of 16%, 26%, 20%, and 44%, respectively. (15 g) were shredded, and microwave-dried for 1.5 min, oven-dried at 50 C for 15 min and freeze-dried overnight. Extraction: leaves (1 g) were powdered with liquid nitrogen in a mortar and extracted with 50 ml of 50% methanol.
Results showed that microwave-dried tea infusions of M. alba had the highest phenolic content and antioxidant activity among the three drying methods (Table 4) . TPC, AEAC, and FRP of the microwave-dried tea were 1873 mg GAE/100 g, 1917 mg AA/100 g, and 865 mg GAE/100 g, respectively. FIC ability of the microwavedried tea was also observed to be the highest with CEC 50 of 0.3 mg/ml. Values of the commercial tea were the lowest. Based on AOP of tea infusions, the overall ranking was microwavedried > freeze-dried > oven-dried > commercial.
T. laurifolia
Antioxidant properties
A study on the optimum time and efficiency of methanol extraction for leaves of T. laurifolia demonstrated that 1 h was the optimum extraction time. 19 TPC values for 0.5, 1.0, and 2.0 h were 418, 721, and 636 mg GAE/100 g, respectively. Based on TPC, the first extraction extracted about 88% of the phenolic compounds. Yields of the second and third extractions were only 10% and 2%, respectively, suggesting that methanol is efficient in extracting leaves of T. laurifolia.
Variations in TPC between T. laurifolia leaves of different ages, collection times, and locations were also reported. 19 Developing leaves had the highest TPC of 513 mg GAE/100 g, followed by young and mature leaves with values of 407 and 298 mg GAE/100 g, respectively. TPC values varied from 532 to 795 mg GAE/100 g for four batches of leaves collected from the same source in April and May 2004. Leaves collected from plants located in three different locations on the same day had significantly different TPC values of 543, 734, and 892 mg GAE/100 g, suggesting variation between plants. Within plants, leaves and flowers had comparable phenolic content and free radical scavenging ability.
Effects of drying treatments
The effects of different drying methods on the AOP of T. laurifolia leaves have been reported. 18, 19 For oven-drying, TPC and AEAC declined 73% and 80%, respectively. For microwave-drying, TPC and AEAC gained 38À41% and 50À51%, respectively. Microwave-dried leaves remained green with a faint fragrance and when ground, the aromatic green-coloured tea produced a mild tasting green infusion. For the microwave-dried tea, hot water extraction yielded TPC and AEAC values that were 1.7e1.9 and 2.0e2.1 times higher than those of methanol extraction. When compared to other commercial teas, TPC, AEAC, and FRP values of the microwave-dried tea were 6.4, 8.7, and 9.3 times those of the commercial T. laurifolia tea.
A study on the effects of various thermal and non-thermal drying methods on the AOP of leaves and teas of T. laurifolia showed remarkable differences. 19 Leaves of T. laurifolia (15 g) were shredded, and oven-dried (3 h), microwave-dried (1.5 min), and freeze-dried (overnight). Dried leaves were extracted by steeping in hot water (1 h) to obtain the tea infusions. Oven-drying led to declines in TPC (36%) and AEAC (25%), respectively, compared to fresh leaves ( Table 5 ). Values of freeze-dried leaves remained unchanged i.e. comparable to those of fresh leaves. Interestingly, values of microwave-dried leaves were 38% and 84% higher than those of fresh leaves, respectively. An earlier study on the effects of microwave-drying on leaves of T. laurifolia using the half-leaf test has been reported. 18 The half-leaf test was specifically designed to verify whether microwave treatment does indeed increase phenolic content and antioxidant activity. Fresh leaves were cut in half along the central vein. One half was microwave-dried for 4 min while the other half was retained as control. This would effectively rule out inter-leaf variation. Results based on two leaves showed an increase of 41% and 50% in TPC and AEAC for the first leaf, and an increase of 38% and 51% for the second leaf, respectively. A likely cause for the increase in antioxidant activity following microwave-drying is the production of additional phenolic compounds from precursors already present in the samples. 18 Another possible explanation is the rapid inactivation of polyphenol oxidase (PPO) activity in samples due to microwave irradiation. 41 The enzyme is therefore unable to generate oxidation products that would reduce the phenolic content. AOP of all T. laurifolia teas produced were significantly higher than those of the commercial tea. 19, 42 Freeze-, microwave-, and oven-dried teas had TPC values (6.7, 5.3, and 3.1 times) and AEAC values (11.4, 8.7 , and 4.0 times) that of the commercial tea (Table 6 ). (15 g) were microwave-dried for 1.5 min, oven-dried at 50 C for 15 min, and freeze-dried overnight. Extraction: tea infusions were produced by steeping 0.3 g of dried leaves in 50 ml of boiling water for 1 h. TPC (mg GAE/100 g) and AEAC (mg AA/100 g) are means AE standard deviation (n ¼ 3). Abbreviations: GAE ¼ gallic acid equivalent and AA ¼ ascorbic acid. Drying protocols: fresh leaves (15 g) were microwave-dried for 1.5 min, oven-dried for 3 h, and freeze-dried overnight. Extraction: leaves (2 g) were ground in a mortar with liquid nitrogen before extraction with 100 ml of 50% methanol. (15 g ) were microwave-dried for 1.5 min, oven-dried at 50 C for 3 h, and freezedried overnight. Extraction: tea infusions were produced by steeping 0.6 g of dried leaves in 100 ml of boiling water for 1 h.
Ranking of the T. laurifolia teas based on AOP was freezedried > microwave-dried > oven-dried > commercial.
TPC and AEAC values of 577 mg GAE/100 g and 398 mg AA/100 g of the commercial T. laurifolia tea were significantly lower than values of 805 mg GAE/100 g and 591 mg AA/100 g reported earlier, 43 suggesting variation in antioxidant values between different batches of the commercial tea produced.
Conclusion
Freeze-drying enhanced the AOP of leaves of E. elatior. TPC, AEAC, and FRP increased by 26%, 45%, and 36%, respectively. The HPLC chromatogram of freeze-dried leaves of E. elatior showed greater amounts of minor compounds than fresh leaves. Leaves of M. alba responded positively to all three drying treatments. TPC and FRP following oven-drying remained unchanged but AEAC and CEC 50 increased by 27% and 22%, respectively. Freeze-drying resulted in increase in TPC (16%), AEAC (26%), FRP (20%), and CEC 50 (44%). Microwave-drying enhanced TPC, AEAC, and FRP by 24%, 91%, and 30%, respectively. Microwave-drying enhanced the AOP of T. laurifolia leaves with 34% increase in TPC and 67% increase in AEAC as confirmed by the half-leaf test. With the enhancement effects of drying treatments on AOP, these three species of herbs have the potential to be developed into nutraceutical and pharmaceutical products for wellness.
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